Abstract The ariid catfish Plicofollis dussumieri (Valenciennes) is redescribed in detail based on examination of the holotype and additional material from the Indian Ocean. Part of the material examined herein was collected by bottom trawl from sandy bottoms off Jizan, Saudi Arabia, and represents the first record of the species for the Red Sea. Plicofollis dussumieri is characterised in having 14-18 anal-fin rays; two pairs of palatal tooth plates bearing granular teeth; parietosupraoccipital process rhomboidal or oblong with straight lateral sides and usually emarginate apex; lateral ethmoid globular, prominent; anal-fin height 8.2-12.4% SL; and adipose fin dark distally. Examination of specimens exhibited sexual dimorphism in the species with greater predorsal distance, longer pelvic fins and pelvic-fin base in females. Ontogenetic changes were found in several characters: length of maxillary and mental barbels, anal-fin base, and adipose-fin base are becoming shorter and eye diameter smaller with growth. In addition to the detailed study of a representative number of specimens of P. dussumieri, the present study provides an identification key to the species of the genus, and a phylogenetic analysis of available mitochondrial gene sequences (cyt b and ATPase 8/6), including species not considered in previous molecular studies.
Introduction
Ariidae is a large family of catfishes, distributed worldwide in tropical and subtropical marine, brackish and fresh waters and currently contains 31 genera and more than 150 species (Marceniuk and Menezes 2007; Marceniuk et al. 2012 ). The genus Plicofollis was proposed by Kailola (2004) with inclusion of seven marine and brackish water species known from the Indo-West Pacific, although its definition was only based on direct examination of Plicofollis argyropleuron (Valenciennes in Cuvier & Valenciennes, 1840) , P. nella (Valenciennes in Cuvier & Valenciennes, 1840) , and P. polystaphylodon (Bleeker, 1846) . The genus, as currently defined (see e.g., Marceniuk and Menezes 2007; Marceniuk et al. 2012) , includes eight valid species, seven of which are examined in this study: P. argyropleuron; P. dussumieri (Valenciennes in Cuvier & Valenciennes, 1840) ; P. layardi (Günther, 1866) [Arius tenuispinis Day, 1877 its synonym]; P. magatensis (Herre, 1 9 2 6 ) ; P. n e l l a ; P. p l a t y s t o m u s ( D a y, 1 8 7 7 ) ; P. polystaphylodon; and P. tonggol (Bleeker, 1846) [Arius crossocheilos Bleeker, 1846 its synonym] . In general, the taxonomy of the genus is quite complex as 12 to 14 nominal species of Plicofollis are currently considered synonyms or species inquirendae (see e.g., Ferraris 2007, Marceniuk and Menezes
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Electronic supplementary material The online version of this article (doi:10.1007/s12526-017-0760-x) contains supplementary material, which is available to authorized users. (2012) . Proportional measurements are rounded to the nearest 0.5 mm. The length of specimens is presented as standard length measured from tip of snout to end of hypural plate. Morphometric data presented are given as ratio to standard length in the description and percentages of standard length in Table 1 for easier comparison with published data. Terminology of dentition follows Kailola (1999) : palatal tooth patches (plates) containing two patches on each side of the roof of the mouth, the anterior pair is called Bvomerine^and the accessory (posterior) pair is called Bpalatine^. Collection of Red Sea specimens of Plicofollis dussumieri was carried out by bottom trawl onboard a commercial shrimp trawler in the sand bottom shelf area between the coast off Jizan and the Farasan Archipelago in late 2014. Six specimens were collected from depths between 40 and 58 m in two out of 20 hauls. Specimens have been preserved and deposited in ichthyological collections of SMF, KAUMM and AZUSC. The number in square brackets after collection number is the tissue voucher number.
Tissue samples taken from all freshly collected specimens were preserved in 96% ethanol and stored at −25°C before they were used for DNA extraction with a DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany). Amplification of the mitochondrially encoded gene cytochrome b (cyt b) was performed with 0.1 μM final conc. of the oligonucleotide primers Glu-2 and Pro-R1 (Hardman and Page 2003) with a HotStarTaq Master Mix Kit (Qiagen) and PCR conditions with modifications according to Betancur-R et al. (2007) : initial denaturation of 15 min. at 95°C followed by 34 cycles of 45 s. denaturation at 95°C, 45 s. annealing at 52°C and 90 s. elongation at 72°C and a final elongation step of 5 min. at 72°C. Sequencing was carried out with the same primers from both ends with a BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, Waltham, MA, USA). Assembly of forward and reverse strands was carried out with the help of the software Geneious Pro 5.4.4 (Biomatters, Auckland, New Zealand) and the sequences were restricted to 1095 bp within the coding region for cyt b for subsequent phylogenetic analyses. Additional sequences of cyt b and of mitochondrially encoded ATP synthase 8/ATP synthase 6 (ATPase 8/6) of Plicofollis spp. and other ariid catfishes and Ictalurus punctatus (Ictaluridae) as an outgroup were retrieved by searches in GenBank (see Supplementary Table 1) . A concatenated alignment for cyt b and ATPase 8/6 was generated in Geneious Pro 5.4.4 with sequences identified in GenBank and those obtained in this study. A maximum likelihood (ML) phylogeny was inferred from the resultant alignment in PhyML (Guindon et al. 2010; Guindon and Gascuel 2003) under the TVM + G model of nucleotide substitution, with the best fitting model of nucleotide substitution according to the Akaike Information criterion as tested in jModelTest (Posada 2008) . Reliability of the resultant branching pattern was assessed by 200 bootstrap replicates.
Results
Family Ariidae Bleeker, 1858.
Genus Plicofollis Kailola, 2004 . Plicofollis can be distinguished from all other genera of Ariidae by the following combination of external characters: lateral line bifurcated at caudal-fin base, reaching the upper and lower lobes of caudal fin; base of adipose fin very short, less than one-half length of anal-fin base; origin of adipose fin above posterior half of anal fin; one accessory tooth patch on each side of palate positioned posteriorly to vomerine patch; maxilla short to moderately long, shorter than maxillary barbels; two pairs of mental barbels. The recognition of Plicofollis is also supported by a set of autapomorphies based on comparison of osteological characters (see Marceniuk et al. 2012) . Diagnosis Plicofollis dussumieri can be distinguished from its congeners by having an adipose fin with a large dark spot distally (vs. adipose fin without a dark spot or with a brown margin in congeners); vomerine tooth plates present (vs. absent in P. layardi and P. platystomus); accessory (palatine) tooth plates elongate, almost parallel, and quite narrow, their mesial faces relatively distant (vs. oval and quite broad, their mesial faces very close in P. layardi, P. platystomus, and P. tonggol); greater width of the accessory plates fitting more than three times its length (vs. about twice their length in P. layardi, P. platystomus, and P. tonggol); and lateral ethmoid expanded, globular (vs. lateral ethmoid not expanded in P. argyropleuron species complex, P. layardi, P. magatensis, P. platystomus, P. tonggol). Plicofollis dussumieri is further distinguished from P. argyropleuron species complex by having accessory tooth plates relatively close to vomerine plates, the distance between vomerine and accessory tooth plate being less than five times the diameter of the vomerine plate (vs. distance between vomerine and accessory plate greater than five times the diameter of the vomerine plate in the P. argyropleuron species complex); from P. magatensis by having 14-18 anal-fin rays (vs. 19-20) ; from P. tonggol by having 14-16 gill rakers (vs. 9-12) and 14-18 anal-fin rays (vs. 18-20) ; from P. nella by parietosupraoccipital process rhomboidal or oblong with emarginate apex (vs. expanding with age, assuming a rounded shield shape, with convex apex), and posterior caudal-fin margin not sublunate (vs. distinctly sublunate); from P. polystaphylodon by a cephalic shield wider at the lateral ethmoid region 15.4-18.0% SL (vs. 13.1-16.0% SL) and lower anal fin, the height 8.2-12.4% SL (vs. 10.8-17.2% SL; anterior lobe becoming longer with growth in P. polystaphylodon).
Description (morphometric data given in Table 1 ) Body width greater than body depth in pectoral girdle area, progressively more compressed from pectoral fin to caudal peduncle, body depth 4.5-5.8 in SL, body width 4.2-5.4 in SL. Lateral line bifurcated at caudal-fin base, dorsal and ventral branches reaching upper and lower lobe of caudal fin, respectively. Head large and anteriorly depressed, the length 3.2-3.8 in SL, dorsal profile elevated posteriorly, convex at parietosupraoccipital process area. Snout long and rounded in dorsal view (Fig. 2a & e) . Anterior nostrils small and rounded, twice as large as posterior nostrils, with fleshy edge, posterior nostril covered by flap of skin; nostrils moderately distant to one another and distant from orbit, not connected by fleshy furrow, posterior margin of posterior nostril above base of maxillary barbel (Fig. 2b & d) . Eyes lateral of moderate size, widely distant to one another. Three pairs of cylindrical barbels: maxillary barbels moderately long but not reaching base of pectoral-fin spine, outer and inner mental barbels not reaching gill membrane, length of inner barbels about twothirds of outer barbels (Fig. 2e) . Lateral ethmoid bulky, globular, visible under the skin. Osseous bridge formed by lateral ethmoid and frontal short, not evident under skin. Cephalic shield exposed, rough and granulated at parietosupraoccipital and sphenotic areas; shield long and especially wide on lateral ethmoid and frontal areas. Anterior portion of dorsomedial groove of neurocranium fleshy, quite variable, conspicuous or not, and continuous or not to level of anterior nares; posterior portion of groove osseous, shallow and conspicuous, with lateral margins slightly diverging anteriorly. Parietosupraoccipital process triangular or rhomboidal, nearly straight-sided, keel prominent and sharp, posterior margin emarginate or truncate (Fig. 2a & c) . Nuchal plate crescent-shaped, dorsally granulated, moderately long and wide.
Mouth subterminal to terminal, moderately large; lower jaw slightly arched. Lips thin, lower lip thinner than upper lip. Roof of mouth with two pairs of palatal tooth plates: vomerine tooth plates not directly attached to vomer, ovate, oriented about 45 degrees to horizontal axis and distant from one another; accessory (palatine) tooth plates about four times larger than vomerine plates, elongate and elliptical (width about 3-4 times in length), long axes parallel, relatively distant from one another. Distance between vomerine and accessory plate much shorter than the gap between each pair of plates (Fig. 2f) . Vomerine and accessory tooth plates with granular teeth. Premaxilla relatively long and narrow, little arched, narrower in the middle, with 6-8 irregular rows of sharp conical teeth. Dentary separated at midline with sharp teeth. Gill membranes fused, attached to isthmus. First gill arch with 14-16 acicular gill rakers, of which eight on lower limb; no rakers on hind face of first two gill arches. Dorsal-fin origin closer to tip of snout than to base of caudal fin, predorsal distance 2.4-2.9 in SL. Dorsal-fin spine compressed, moderately long and thick and longer than the pectoral-fin spine; anterior margin with granules; posterior margin slightly serrated on the distal third. Dorsal fin with 7 soft rays, the first ray slightly longer than spine, posterior margin of fin somewhat straight. Pectoral-fin spine depressed, moderately long and thick; anterior margin with granules; posterior margin smooth on basal one-fourth, distal three-fourths with short serrations. Pectoral fins with 10 soft rays. Posterior cleithral process moderately long, smooth and triangular shaped, pointed posteriorly. Origin of pelvic fin behind middle of body, prepelvic distance 1.7-1.9 in SL. Pelvic fin moderately long and moderately broad at base, with 6 rays. Adipose-fin base very short, less than one-half the length of anal-fin base, origin at level of posterior half of anal fin. Anal fin with 14-18 rays, the fin relatively deep, its height 9.3-11.5 in SL and long at base, distal margin slightly concave. Caudal peduncle moderately deep, 11-15 in SL. Caudal fin forked, upper and lower lobes moderately long, posteriorly pointed; upper lobe only little longer than lower lobe.
Coloration (Fig. 1b & c) Dorsal surface of head and body grayish brown, with silver reflection and with green-blue tinge on back, shading to silvery ventrally; top of snout dark brown; dorsal fin brown with blackish posterior margin of rays; adipose fin dark gray, blackish distally; caudal fin dark grayish brown, with red hue in some specimens; pelvic fins reddish brown; pectoral fins dark reddish brown with black posterior margin; maxillary barbels dark brown.
Morphological variation Significant variation is found in the ontogenetic development of Plicofollis dussumieri, in the size range from 137 to 495 mm SL, expressing negative allometry in six of the 39 characters examined. Smaller specimens have longer maxillary, outer mental, and inner mental barbels (Fig. 3a-c, respectively) , larger orbit diameter (Fig. 3d) , longer anal-fin base (Fig. 3e) , and longer adipose-fin base (Fig. 3f) .
Sexual dimorphism Sexual dimorphism was observed in three females (419.0-451.0 mm SL) and three males (336.0-460.0 mm SL). Females have a greater distance between snout to dorsal (38.7-41.9% SL vs. 34.9-38.8% SL), longer pelvic fin (14.0-15.3% SL vs. 11.5-13.6% SL), and longer pelvicfin base (3.4-3.6% SL vs. 2.9-3.2% SL).
Size and weight Plicofollis dussumieri is a large catfish reported to reach 620 mm SL (Eccles 1992) . Specimens examined in this study ranged from 142 to 495 mm SL. Cheraghi et al. (2015) examined 132 specimens from the Gulf of Oman of maximum length 767 mm fork length (estimated about 700 mm SL) and maximum weight 5.8 kg, maximum age determined as 12 years. Dutta and Hazra (2013) observed 130 specimens from the Bay of Bengal of maximum length given as 870 mm TL (estimated about 680 mm SL) and maximum weight 6.9 kg.
Distribution and habitat According to published data, Plicofollis dussumieri is found from the east coast of Africa eastward to south and southeast Asia. The specimens examined in the present study are from India, Pakistan, southern Saudi Arabia (Red Sea), Kenya and Madagascar. Records from the Philippines (e.g., Herre 1953 as Arius goniaspis) possibly are wrong as noted by Kailola (1999) . Recorded from a depth of 10-130 m, Red Sea records from the depth of 40-58 m. Typically lives on sand and sand-mud bottom in marine coastal waters, entering estuaries. One haul in the Red Sea contained only three specimens with no other fishes and a large amount of shells.
Remarks Synonyms of P. dussumieri treated herein following Kailola (1999) and Kottelat (2013) . Arius belangerii described from Mumbai, India, provisionally placed in synonymy according to Kottelat (2013) , whereabouts of holotype in MNHN (no catalog number) unknown. Fresh material from Indonesia is needed to determine whether Arius goniaspis is a distinct western Pacific species or to confirm its synonymy with P. dussumieri. Here, Plicofollis dussumieri is differentiated from all other species of the genus by specific characters provided in the diagnosis and the key.
Molecular phylogeny (Fig. 4) The phylogenetic analyses of cyt b and ATPase 8/6 sequences resulted in a monophyletic Plicofollis as in phylogenetic analysis by Betancur-R (2009). The branching pattern of Plicofollis spp. in the ML tree generated herein also was identical to that in Betancur-R (2009); however, two additional evolutionary lineages were included, one represented by two specimens of P. magatensis and the other by two specimens with questionable identification, i.e., CAMSBAUTRL231 and CAMSBAUTRL229 (see discussion). While the placement of P. magatensis did not receive high support from bootstrapped analyses (63% as sister to the clade that includes P. dussumieri among other species), the other additional lineage was placed with moderately high bootstrap support (80%) as sister to P. aff. layardi. Sequence divergence within P. dussumieri with only one variable site in ATPase 8/6 was remarkably low.
Discussion
The record of P. dussumieri specimens from the southern Red Sea represents the first record of the species for the Red Sea and extends its distribution range. Netuma thalassina was the only member of the family Ariidae that has been reported from the Red Sea so far (see e.g., Golani and Bogorodsky 2010) . The fact that P. dussumieri has never before been reported from the Red Sea is especially surprising as the species attains a relatively large size and has been collected by use of commonly applied fishing methods onboard a commercial trawler. Closest to the Red Sea record was from the Gulf of Aden by Al-Sakaff and Esseen (1999) . Although the trawl fisheries off Jizan mainly target economically more valuable shrimp resources, finfish by-catch routinely finds its way to the market. Together with a previous survey in the same area, in which a total of 98 species have been reported (Bogorodsky et al. 2014 ), a total of 32 trawls were conducted and only two of these contained specimens of P. dussumieri.
The phylogenetic analysis of concatenated cyt b and ATPase 8/6 gene sequences confirms the existence of a single evolutionary lineage of P. dussumieri from the southern Red Sea, United Arab Emirates and Bangladesh. However, genetic material of the species from the south-western Indian Ocean and from the eastern extension of its known distribution range (i.e., Malay Archipelago) is still needed to assess whether P. dussumieri is a monophyletic widespread species. For instance, the three specimens examined herein from Madagascar under the name P. cf.
dussumieri (MNHN 1966-879, Fig. 5) , cannot be assigned either to P. dussumieri or P. polystaphylodon (both species known from Madagascar). These specimens differ from the aforementioned species in having very long maxillary barbels that extend beyond the pectoral-fin base, in having a narrow parietosupraoccipital process, and accessory plates with molariform teeth.
The molecular phylogenetic analysis of all available cyt b and ATPase8/6 sequences showed the existence of at least twelve distinct evolutionary lineages in the genus Plicofollis, i.e., two more than previously found in the so far most exhaustive analysis of molecular diversity of the genus by Betancur-R (2009). One of the additional lineages was represented by P. magatensis and another contained two specimens that were collected in Indian waters. The identification of P. magatensis specimens CgA2 and CgA3 in Yu and Quilang (2014) followed Herre (1926) , Kailola (1999) and Marceniuk and Menezes (2007) , and both specimens were collected from the same river system on Luzon Island, Philippines, from where the species has been described. Thus, we consider it plausible that the identification of these specimens is correct. The taxonomic identification of Plicofollis specimens from India, however, is more problematic.
Besides the two specimens that formed the second additional evolutionary lineage in the phylogenetic analysis of this study (i.e., CASMBAUTRL229 and CASMBAUTRL231), two other specimens from the same source were included (sequences were retrieved from GenBank, see Supplementary Table 1 ). The conflicting identification of each two specimens of BP. tenuispinisâ nd BP. platystomus^that in both cases do not fall into the same clade in our phylogenetic analysis in conjunction with the fact that identifications cannot be confirmed by morphological reexamination of vouchers -as no vouchers have been preserved (T.R. Barathkumar, pers. comm.) -led us to refrain from using the taxonomic identifications of these specimens. The taxonomic identity of these lineages can only be resolved when new voucher specimens and corresponding tissue samples become available. Nevertheless, the inclusion of these sequences showed that the molecular diversity of Plicofollis is still higher than would be expected from its current taxonomy and from previous molecular analyses. In this case, several nominal species that currently are considered synonyms might be resurrected in future studies.
Due to the confusion in the taxonomy of this group, the distribution of most species of Plicofollis is unclear. However, south-eastern Asia is the most species-rich region with reports of seven out of eight valid species (Kailola 1999; Marceniuk and Menezes 2007) ; five species are known from India (Jayaram 1982) . Plicofollis argyropleuron was known from the eastern coast of India to eastern Indonesia and eastern Australia (Jayaram 1982; Kailola 1999 ) and contains six synonyms. According to Betancur-R (2009) and the present study, P. argyropleuron is known from India to western Indonesia, whereas specimens of lineage P. aff argyropleuron 1 were collected from Papua New Guinea and specimens of P. aff argyropleuron 2 were collected from Java, Indonesia and Papua New Guinea. Kailola (1999) reported Plicofollis polystaphylodon from Singapore, Indonesia and Papua New Guinea. Ng and Sparks (2003) questioned the occurrence of P. polystaphylodon in Madagascar; however, Marceniuk and Menezes (2007) recorded the species from there. A single specimen of the lineage P. aff. polystaphylodon sensu Betancur-R (2009) was collected from Java, western Indonesia.
In the case of Plicofollis layardi, most records were attributed to its synonym A. tenuispinis, which has been reported from Oman, Pakistan, Sri Lanka, India, and Malaysia (Marceniuk and Menezes 2007; Psomadakis et al. 2015) . Plicofollis nella ranges from Singapore to Papua New Guinea and eastern Australia (Kailola 1999; Ng 2012 ). Plicofollis tonggol, for which most records were given under the name of its synonym A. crossocheilos, ranges from the east coast of India to the Philippines. The other two species, P. magatensis and P. platystomus have restricted distributions -the former is confined to the fresh and brackish waters of the Philippines (Marceniuk and Menezes 2007; Yu and Quilang 2014) and the latter is known from marine and brackish waters of India, Sri Lanka and Bangladesh (Jayaram 1982; Marceniuk and Menezes 2007) .
Despite efforts in obtaining comprehensive collections of material, still a relatively low number of specimens with accompanying tissue samples for molecular analyses are available in public collections worldwide and much more can be expected to be learned about inter-and intraspecific morphological variation and the evolutionary history of this genus in the future as more material becomes available. In this study we provide a first step in the process of better defining the alpha taxonomy of the genus Plicofollis, and we highlight the need of integrating molecular phylogenetic analyses in the exploration of species diversity in sea catfishes. 
